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(57)Abstract 

PROBLEM TO BE SOLVED: To trigger no 
chemical reaction even when a conductive 
polysilicon is used as a lower part electrode 
in succession in a semiconductor DRAM 
process, by forming a composite dielectric 
film comprising an alumina layer and an 
aluminum nitride layer on the upper part of a 
conductive layer with a pattern by an atomic 
layer vapor-deposition method. 

SOLUTION: A silicon oxide film 101 is formed 
on a semiconductor substrate 100 first, and a 
storage polysilicon 102 is formed as a lower 
part electrode constituting a charge storage 
capacitor, over which an alumina 103 is 
formed by an atomic layer vapor-deposition 
method. Being amorphous, the alumina film is 
excellent in step coverage, almost to 100%. 
Then the alumina layer 103 and an aluminum 



nitride layer 104 are repeatedly formed by the 
atomic layer vapor-deposition method in situ, 
forming an AI203/AIN composite dielectric thin 
film 115, over which a doped polysilicon is 
vapor-deposited to form the upper part 
electrode of a DRAM capacitor. 
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^-^flSftfc^MiWKE^SW (ALD) * 
MAIN) ■©a^S»BI*»*«IE , 5"&8W ; 
&C±1W±T£DRAM**>fV*K6#& 

h ■m^tA'S-'?* < tma ) £v-*#*±or 

£fcia££ 3 0 0-45 0 *Ctcst£t#U . M^SSS ( A 

4 5 0-6 OO'CXififtU JBHPSSS <ALD> "WC 
«E©DRAM*-+^V*Bia*ft. 

«snfcy-^^*^W*^i:5. ^SUSS (A 

LD> 1S$iX-7fi>*rmt7 4 r?<f KB 
ISBiatftt**! 1 tcajWOD R AM* v /*v*S6S# 

I*, h VM+^toSz-QJ* (TMA> V~X£H 3 0 
x»s r*»A3 ±S© T M A V - *» A, H , O v 
fc»C!>T?SttSl|*«rSt\S *&*W»4 tCia*S© D R A 

■[B*3f6] ±s©7*5 1*7^ mi± 

TMAV-A. H.OV-A, /<-t^ TMA 

*c* or±E©«*<o«S *HS-r$***4tt:ia«W> 

DRAM* 

It. TJl^^Ai'D^ F (A I C h> V-XtH, 
O v - XftP'. N H j V - X £j3fi»D1*ffl©H#* ' W 
XKJ*T*AS*, W^i^ffl^H (A I 
C 1 * ) V — XiftA. H,OV~-X?jfcA£t>\ NH>#X 

1*£Ib#J£4 Klga^DR AM* ^S^ttSStt. 

IE 7 A- * *«03tt£»«efc« , C»KS;f *HW* T 



2 ) 1W82O0O-5 87 7 7 

2 

;U 5 ^ -5 ^ Q ^ ^ K (A 1 C I = ) v-x. >*- s >. 
H t OV-^, TJ^'*)^^^-/ F' (Al 

Cli) V-X, N H> v — XZfctX, >f-S><&8 

8W*MilM$Nl'±l/C. JJEcMMM^J^fcRa 
T-SHftKUrO. ±ffi«D0i*OI?3€:SBar&EBSR3i4 
tCKMG) D R A M * * > ^ *1«6#£, 

(argon) (Ar) , Xtt. a. »J 0 * (He) 05 

$X'7>l*~*J*t<t K (A 1 N) H«*firr* 
BR ; iia<D7 * ~ 0 ^ \ v A FB±&K 7H> * 
i^A*+V+-f F^^K (A lON)««iinB 
Fjf; 4i5J:tX±le<7)7^^-^^^ + ^^^ KB_b 
«K«€S «r»fiKT *SH fc*** h C t &»« if & 

[Eftftf 1 13 ±E©7*5-$A**W-0 5^ 
K (A I ON) ©£ff^T£imti. ISOT^H-') 

f&££frt#:**l 1 0 KS^D R AM* *><V*8HS# 

[1^*3P 1 2 ] J^>* WS*LLKflMS s n/c±ia 

fc**»** 1 0 CCIE^O D R A M * + ' < V * B** 
S. 

30 tifi*«l 3 3 ±a<DWBBtC/^->«rfl»T&S 
mm 1 A 1 0 ICZZftO D R A M + + V * 

1 * fcttSI** 1 0 KISSED RAM 
[BsRVl 5 3 SwSSffl* wfi'fr&tt^DRAM 
v 'j =i >^Si ; ±iaox »; a >sfi<±a5 

CC»B£S*lfc7^4 tB47^5-^At^ r7-< KB 

fc ^ - r ;K 'J S/ 'Ja >SBl?»*S tlfc C i i 
r*DRAM* + ^V*. 
[IS^3p 1 6 ) ±sott&»#ew, 7JU 5 
^®7>U*^A:M K-JS^BOfsB«:S** 

liior, ®S3nfcB»«wsa«K»Bstifc*a 

1 5«e«!W)DRAM+*^^^ 
50 [1b^I7 3 Sl»*BSffl+v'^^€:»^DRAM' 
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^t^7^ F (A I ON) Si ; Jjar;U5i-5A 
<J ^ >^ftTlge£3ttfcC ££f«K£T& D R AM* * 

H S G* >J V'J a VSftfcStri**!! 1 '5 * fcfci*** 10 
1 7KiS$WDRAM* + > ,; V£< > 

[000 1 ] 

[0002] 20 

W!f**>fV* (storaae capacitoO^AW'T^fSk 
(desiqn rule) <>>7C*C, »S3 ftfcarartfc;fcSSS> 

[0 004] +/<V*©W«ffl» J fcSfcfeft 
3tt*fclfrfl!>-K«£0'Ci 7Ttf> (Fazan) *t*. 

rj"J^*ii«»*5.'27 8 f 0 9i^cfc^r, 

X* ? £1ij&0!>TMiS±KH SG (hemispherical qr 
am) ^«jn>«««:»fl3tr*CiK:J:0. *»SfWB 
* + ^ v 2 + > t V £ > * & ftfcS SB^ ^ 

[0 00 5] ^f*? (T,Kittawa) 19 
9 2 5 flEs£ International Conferences Solid State De 
vices and Maternal s^*Sft*B*W» 9 OP, 9 21 
£>*JM tan t a luiii) MUI <Ta t Oj) 

^j: 5 *sae mmm l fc 2 5 e m t- * r d r a m 

R*fct*BST <Ba,Sr,.J i 0 J K 



KM2 000-587 7 7 
4 

^ 7f}>i- l ) y V (step coveraqe) > * 

jLWUI&«»T*feK. gQftMMtt (surface Mne 
tic reqime) ©SB fab* 1KB (low temperature) *C 
ft¥3WfflRS*SC (CVD ; chemical vapor depositio 

^ Ko^7-i<> (hydrocarbon) ©WBrt^iMHIH. 

oPMjS«i*tgc-r , sjfiiste!i s *** 
[oooe] cftiumtc. *>*A*ffcKo«8*s» 

■c. (uv o,) ao'Svafessm^r^ 

»J>^ (dry 0* anneal) ft^IS^KBSnt^ 
WtttlfiliSI*. — (qram bourwlarv)^ 

wsfiia*!:'* * j: ^ tea ^ 

[0007] B S TSWW*. IWtt »»4*tt* 
iiffT'&folO^:. ? (Schottky twrrier 

heiqht) <DA*i>£tmm%otmi>w^'&&o & 

fc. feBStti^y V>Jn>©BatC^-A ^ ^tt* 
rmc contact) McftOM , a^«S i * U > 'J ^ >B 
Wfc WKS^Fiit" 'J 7 > * ^ (barnenn 

etal) OlSOT^^t 1 **. 
[0008] ±ieOB S T8W*J«*. + +- 
TpBSW^, M I M (metal insulator meta 
1) tli^ItiUfc^ |iii«Lfc*>^JM»{t« 
t*. MIS (metal insulator seuncondUctor) X(*M 

( S i O a > at>'ONO (oxidenitrideoxide) ttSttBtC 
Mffl^n/c, J^'JVO a>*«ffiUfcS I S (semicond 
uctor insulator semiconductor) t65£* 4 aSWttS3fe^f < 
ti t> XB-hO*IS3!i*»ir * <fc 5 tea £<> 

[0009] 

*^>*«:KffT-&te^C. 9fliBftlNOlid (equiva 
lent Tox)?:w< oawm*^6ttt*Ct^0^. U 

Jf? (equivalent Tox)^rt#Oig^CC^UT4i t ^af«C 
[0010] Sfc, ffi*©*«#DR AMXSKBfflS 
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5 

L/C 4>, SSBaS5Sfl*»i<t)iaj*a £0>f MMSffi*: 

Sf^^SJg £ Hfi 0 fc + + > *V * ©H ^1**9 D R A 

[001 13 Istcfr-iX. #**OW lOBfttt. S£ 

D R A MI*£» ST * C £ #T' * 
A3 * + K V * RCf *OW6*ft«r««r & C £ K *>*o 
[0012] 2 ±ia^ 1 ©SW*c 

tt* ttoifeMI DR A MSSffiSfiiffl * + >*u tmtzo 
[0013] #*w<ds*3 ©@tot*. ±sa^ i os^tc 

[0014] *««©»4oawti. ±sa* i c^ge^ 

SaE3fecr>^* „ >> (stacked) SM*BfWB* + 

»tfe&&fc«X«tt: 

[0015] 

■^->^«Snfc««Ja±WclSiflB3R« (atonic lav 
er depositionjALD) 1&X'7kS7 (A l t 0 5 > Jg 
i7*ii0At^ \ vA K (A I N) B4>tt£SSStt 
: to J:tf ±E©«^K«*«JbBK*» 

$rb«wit* c t &mi*t> d r a 

[0016] *ft«©8l©SW**«T&fc«>K:. 
W < ^ - > =£ : ±S2©^ * - >ft3RSc^ ft 

fciS«ia±*K: jh^jhw < a l d > imx-7* i ~ *> 
i^ay^ay <a i N) »*«*r4S»:±iaa>r 

4Yv4Y ( A l 0 N ) BM2«T*R» : to<W±l£ 
«r*H»«r**T-&c:i«:«fttTSDRAM*t.^ 

[ 0 0 I 7 ] #miO*V^Etto*:&8& Z>tcV>^ 
*&ljflti, ©ftSSffl* + '*V*«:»^DRAMilfiK: 



(4) WRI2 000-587 7 7 

6 

7u-^^'j3 >M-c#j»sft* c <b twist? 

[ 0 0 l 8 ] **WO*©fto>BW«:««W'&a&K:, * 
«WPJB*v>*>*&l#^DRAMMS«:to 

:M h54 K (A I ON) *§£ ;±Secor^S-^A* 
[0019] 

[ 0 0 2 0 ] B 2 ^ 4 tt. *lffl<DSS 1 JBSWKffit', 
20 DRAM+v^^*<0«6*ft4:*rXSJB#B'C* 
&. B2*#HT*±, *r*aS**«l OOltCV'J 
3>B?ffcI£ (S i Oi> 10 l^flSSn-CtoO, Sff 

VJ3> (storage polvsil neon) l0 2^SStl^C 

^-5. -eut:. ±£<s>Mffl* , JS' , ;3>io2SM* 

«W 1 0 1 O±SIi0C, T^St (AhO,) 10 3(1^ 

[002 1 ] XtSM^ ox. ±%&>7fr$.*m 1 03 
ti. MfrM&M < atomic laver deposition : A L D ) 
30 MtMncimic 7J^tl03^DRA 

r-ii^l/rt,^^^^ 'J >^ (sputtering) 

-c. Jj2or^st«io3^rtr*sd, KSfW 

40 (chemical vapor deposition ; CVD) ^r^iSffi-C' 

0>7^ 5 t«« 1 0 3 tt. M^S^S ( A L D > *351? 
WSnfcr^StWi. <anorphou5> 1t fi J 

, r-. y 7'*><- »j ^ i o o H{cjfi-^< fifttc* 

[ 0 0 2 2 ] B3 !*, JS^BW.S^'CHBrtSn/cTJl 
50 *7&±MiC7*'i~Qt±7'< h KB 1 0 4«r^fiS 
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3£7n, = 1^7^ KS 1 0 4«W«8«# 

3SfC4> • V? *- dn-situ) r&J^KSftftK* 
JfcrfcCifcJ^T, A 1 zO>/A 1 Nte-oiSSftwK 

[0023] B4& h*U>tJ:3>J§l 05O 

fl^is&Bwr&tcvc. JBHPasstfssrswsn 
fcA 1 , 0,/A 1 N i i 5±aac. K— 
t^^n&^'jv'j^^^jF.sr^cir, dram 
* + v * o±«sft 1 o 5 

[ 0 0 2 4 ] B 5 It, B4 ©£.«R 1 8 0 tf itottAH 
■C. 74^*16 < A l,0,> 10 3*7^ A;M 

h 7 ^ KB < A 1 N ) 1 0 4«rJE : flM* (ALD> # 
35KJ:0, — a-rJi (one atomic laver) O^StcS 
ftCl^c?i*£C£*C\ »«$n&A 1 ,0,/A 1 N£ 

[0025] #lffl<&*teffli Or. 4 1 0 3 
i7^^^t-{ YvJ Kttl 0 4**'* 1- 1AT 

si-fasg <ald> *35raBasat/T:»Bsr* 

© (atomic layer deposition; ALD) #3XfcW 
■C. A I a 0,/A I Na^KStfHSB***?'*^© 

U A I j Oj/A I Nft^KStHSB^E^JiSe** 

TlfMr&fc###*>^>> ^ (qas pulsing) 3SS 

[0 02 7]r&frfc, ^ + >/<-©E**-*K«l* 
r gK, fl^$ft*»BSi*'A5 0 3«*f 

tC. ©fcSttfc < pre-detenmned) V - XrtXifa AJRf? 
ICfctK h »M (TMA, triiMthvl 
aluminum)V-X5 0 0£H,Ov-*;50 K NHjV 
-3502 It. -tUfflCOlB^^^^filSTr'aAS 
n. *n-etl©v--A^ayc<I>*BIK/«--^ <purqe 
or purqinq) JflTffitttf* 5 0 4 #flE A£tt&. 

[0028] *»«(^^BfiWt or. jmatf*^ 

Ji-*>jfAV7J\>3> (arqm) (Ar) . ^ <N 2 ) 

uirctt^ y •? ^ < h e ) ^oi-n^-^^ffi-r h c t 

[0 02 9] B6*:«Rr*<t, TMAV-A-^*-^ 
— H«OV-X-*/?-i>— TMAV-X^^-^NH, 
y _ i><D 8 SRW . *X X&mX'XZi&fc 

Ar*i&«#. ww--* ^to-csssn, &sr& 

A 1 *0>/A 1 N»S»S(*«B<»Jf St*, 
>^T**(!l1M£A'5 0 5<9£tgIlfcicJ:'?'C. M 

[0030] rfct>&, -g(w;u^v>?tM £^ 

J&RTT&ftCitc, A 1 ,0,/A 1 NOta*iSS*« 
i*2. 2A(1. 1 AJ5©A l 4 0*i 1 . 1 AJiOA I 



(5) 1»ffl2 0 0 0-58 77 7 

arm*, *©««b*«cj:*j, «£as«w«<z»3 

)Wlt1JW^*e»r*J:^«:a*fl>'C. a*fl>J?S«WB 

[0 03 1] *MllK:aE5*!fe«±b'C, KflMS*-* 
3SfCA 1 1 0</A I IM»^IW#B««:«ttr*fc«)^ 
y-*#A*C'*-?"CTMA (tnwethyl aluminum) y- 
CCT^U K ( alummun chTond 

e, AlCh) V-^^Sffl-T^CiK-H, CO 

ji^c^^of^ Ky - ^m'-^N H . y 

[0 03 2] *fc, TMAv-^««soi:±ie©a^ 
s#gf*SJK&ff2ttr 3 o o -4 5 0 win 

4 5 0-600 •C0MKSfi!S«r(El»r 6 C £ 

[0033] 1 £ttfltc J: ->XEflS3 

hfc7;l<^t£lg(±, #t£M (arorphous) tfflST'. 
X^^^^^'-'J ^^ttl 0 0t{(Ciig<,>ft&fe-?, 

■St^fr-V^y (annealing) Xfl^il^r^C 

;i s r iSB^fc 8 0 o 'CrfSSr ^ n > 3 o ^r^**fe 
Ufc«§, w^l^^ifi^6 3 3. 0nm©*Kl» 
30 01- 6 4 1. 6 9 2tC*UD5tf^Ct3&i'C* 

Btt. attorn y>^xs<'oea*k 5 £a^, ^@Bo 
lis con*, KM»B»tf, Jffa^ ^ 3 >»ft«<DJf 
■ s (tox) *e*fkr*ci**ffl»f*»^ 

[0 03 4] 7^S^W««> vyn>Bffc« (S i O 
J is/'ja >£f W < S i N > ©a^aswicctt 

( Fowler-Noraheim) ? 7*<D h > 
iffil%) *i*jf*-^'ACC«Br (di 
40 electric breakdown) W4*iJIW9«:a0^rt», L/fc^ 
" *>X. *»^©3¥Sl**W«:fSt*A 1 1 0,/A 1 Nfe^ 
S«ft»B«rSSOfcDRAM+*^>**S«. l^^ 
B3Bg*»f'»Sb^r < . • p u>irjK pc»1 
-FrenRel ) h > * JUBSSi* j< ^7 - X /otfftfcft *7 A> 
^ji^i.^^ r^-T K (A 1 N) WBfcTM'S* <A I 
,0:) ixf^-C^^-ti^CitCJr^-C, ?SSS-C©« 

[0035] B7E±, **W<0M2*»i!«K:i*^DRA 
M^t/tV^oaSfflBf'*** H7**IRr&t. 
50 l 0 0 ±«c^«s tift: v 'J ^ >gffLB l 0 l ft 
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CX. 1 0 0 Jb»K*«»«© ^ U - > ( heni 

spherical qnnn;«T" HSG" <H^> «:tt^T8P 
A £ ? * ( stacked) ggfl* U V 'J n 1 
0 2#fl£/$3tTCl'&. 

[0 03 6]Ki>T, iec^^^SM^'J^ya 
>Sfil0 2±flta:, 7^StwI££7Jl^~^A;M 

a i iOi/h i Na^fiWf*WB^fi£sn&. 

[0037] H 8 1*, *&WM3^faF««£5DRA 

*fi£ i o o ±tcE«3*ifc* * ? * * y v »j a 

«H0 2t*. Sffl«*r»**S1**:&K, P3f3in$ <cvl1 
ndncal) M*«rU-C4?0, ±i2©HMfc*** 
v 'J 3 >T&£Ei 1 0 2 JbSttc, praoJS^HSg** 
T'A 1,0, /A 1 NOa^aSS«W*®*S**Ct 
A*?**. B7 SDfH8©jS«R 1 8 OSttKlWT*** 

[0038] 09-1 ltt. *W9<OIP4*fc«KSE^ 
DR AM* t^5/*O^B3£*tt«r*teTIWW?Br'& 
*. H 9 1 0 0±tc^'Ja> 

J&WiW^TSWfttO-CWtW^'^yaVl 0 2** 

0 2 &W&t*IB 1 0 1 ±»C, T^U^tO^ 

K2 oo##i#34vct,>£. SteWiLr, ±sa©r^ 

; ^ $ * * b v 4 KB 2 0 0 t* , 

[0039] 910 «r«ST & i , a-fSJS©*^* 
«Sftfc7^5-$i*:M KB20 0&B* (O 

S^AtM by<4 FwK2 0 0±a«C % TJb^OA 
r^W K (A 1 ON) 2 0;UWio 

[ o o 4 o ] c tit mmc H^H«g*5i;T*BSsn 

tc7M~0Ui-<< h 5^K2 0 0±gjitC74>S^A 
r^-f K2 0 l'S:«J«0. A I N/A 1 ON 

*Ztc\iV\tZ<> Tbt-V&tA Vv<< KB 2 0 0 
QKffcI«B«"C* v > ^ *SS 102<t7Jl>£i$A 
t4Y=?4 K2 0 0IQtC9£?&ffiiiXI£ (interface 
defect) &R5'C*&££r#4>&* 
[0 0 4 1 ] 9 1 1 *«BT*±, KftLfiSB'feat: 
M^fcns-^tt'/t^^ K2 0 1±« 

()5«3n-Ct^c 

[ 0 0 4 2 ] 0 1 2 t*-*^W<D»5**»ca&5 D R A 
M* + ^>*©KBB1?&£. HI 2 * 

&tt£ffii o o±tc^«stifc^y3>BMWi o is 



(6) 1WI2 0 00-58 7 7 7 

10 

CX*«t«t(LfcK , H S G Sfsffl * 'J y a >T6Wfi 
1 0 23Wfl£rt3ftTV&. tfo,'t\ ±ieOHSGgfsffl 

* 'j >y a >@gj i o 2±6^c^PB«s*5src7^ 

\ vA KJB2 0 03*HBflXS*V ±fiS©7iUi 
At * h 7 4 K8K2 0 0 *WSWMWXTT« 

v7 ^r?^K2oi «:»err t,fc*^ r. 

oa i n/a i 0Na^sss#»B«:Attf ^sisrast 

[ 0 0 4 3 ] m I 3'tt, *W|03i6*fc«tCf3e5 D R 
AM^VAV^^HHt^c Hi 3 
*#f*£te 1 0 01(C«/'J3>»W 1 0 1 *i©6Mft 

0 2#fl£«sivct'*. &c>x\ «sf*«ffl*+'* c -/* 
* 5? ?!? mm* v v >; n i o 2o±^ic . 

^©^3**ffl-CS*ao&*2i;K:j:9 A I N/A 1 ON 
20 [0044] *WH©»S*B*KB*m4rr &fl»«^ 

[0045] B*snfc$w©a&£«**teW*, 

[ 0 0 4 6 ] * fc, *^^S3nfc*iH»fet*ft 
30 [ 0 0 4 7 ] 5 ^ajS»R^*^t/ : fc*K <t'* 
[0 04 8] 

^©*K*ttt* . li£3kO«Ke«l9HI O/c D R A 

trfrXz-OJK't't \v4 K (A l t O,/A lN)fe^ 
40 mftiHRRt*. n^^t^ Ki7^S^ 
*>Ut*%s?4 bvA K < A I N/A 1 ON) tSSSIS 
*WK«:SWTO#wI«^flRT S C i J: 9 . S£3fe 
C^i«[#D'R AMXflKl»«3nrc^a»Stt# 'J V«J 

^SP€r»ojSSgS#wllS€:*flt'r*DRA 

[ 0 0 4 9 ] * fc, A»a»ftA t«lltf 
fe. ^4 KD*-#>i?)«BlrtO»BP4je«:e'IWbOfc 
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